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INTRODUCTION
Radiation exposure during diagnostic radiologic examinations is an emerging problem in the United States (1) . Among the various types of diagnostic radiologic examinations, digital radiography has become one of the most commonly used techniques. By using automatic exposure control (AEC), some clinical investigators have reported that digital radiography provides a substantial reduction in the radiation dose while maintaining sufficient diagnostic image quality (2) (3) (4) (5) . However, there is a potential risk of a very high radiation dose being given to oversized patients when an AEC mode is used. Since the exposure time in the AEC mode increases in accordance with the thickness of the patient's body in order to maintain image quality, obese patients are exposed to a greater radiation dose than thinner patients (6, 7) .
Previous studies have shown that a patient's body size, including the abdominal fat thickness, can influence the radiation dose in abdominal radiologic examinations (7) (8) (9) (10) (11) (12) ; however, only a few studies have reported about the influence of patient factors on the effective dose in plain radiography. In addition, metallic devices, such as pancreaticobiliary or gastrointestinal stents, endovascular devices, or spinal metallic instruments, may cause an increase in the radiation dose in patients undergoing abdominal radiography. Therefore, the purpose of this study was to identify independent factors associated with an in- Purpose: To identify independent patient factors associated with an increased radiation dose, and to evaluate the effect of patient position on the effective dose in abdominal digital radiography.
Materials and Methods:
We retrospectively evaluated the effective dose for abdominal digital radiography in 222 patients. The patients were divided into two groups based on the cut-off dose value of 0.311 mSv (the upper third quartile of dose distribution): group A (n = 166) and group B (n = 56). Through logistic regression, independent factors associated with a larger effective dose were identified. The effect of patient position on the effective dose was evaluated using a paired t-test. Results: High body mass index (BMI) (≥ 23 kg/m 2 ), presence of ascites, and spinal metallic instrumentation were significantly associated with a larger effective dose. Multivariate logistic regression analysis revealed that high BMI [odds ratio (OR), 25.201; p < 0.001] and ascites (OR, 25.132; p < 0.001) were significantly associated with a larger effective dose. The effective dose was significantly lesser (22.6%) in the supine position than in the standing position (p < 0.001). Conclusion: High BMI and ascites were independent factors associated with a larger effective dose in abdominal digital radiography. Significant dose reduction in patients with these factors may be achieved by placing the patient in the supine position during abdominal digital radiography.
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MATERIALS AND METHODS

Study Design and Patient Population
From October 2013 to December 2013, we retrospectively analyzed the data from 242 patients who underwent digital abdominal radiography at our hospital. This retrospective study was approved by the institutional review board of our hospital, and the requirement for obtaining informed consent was waived owing to the retrospective nature of the study. 
Radiographic Equipment and Exposure Parameters
We used a commercial digital radiography system with cesium iodide-amorphous silicon, flat-panel detector (Definium 8000; GE Healthcare, Chalfont St. Giles, UK) in this study. The AEC of the flat-panel detector system was adjusted to a speed class of 200. The three AEC chambers were used in all patients.
To compare the effective dose in terms of BMI, presence of ascites, or overlapping metallic instruments in the body area, we also measured the output parameters including milliampere second (mAs) and the dose-area product (DAP). DAP was measured by the DAP meter that was mounted on the tube collimator, and mAs was recorded from Digital Imaging and Communications in Medicine (DICOM) images. This study was performed with 80 kVp, field size (35 × 41 cm), and inherent beam filtration of 3.1-mm aluminum at a fixed source-to-image distance of 120 cm. We performed phantom equipment testing and calibration for both DAP and AEC every 3 months to ensure stability of the systems.
Effective Dose Measurement and Calculation
DAP is defined as the product of the irradiated area multiplied by the absorbed dose in air (13, 14) . The DAP value was obtained from the DAP meter (PD-8100; Toreck Co. Ltd., Yokohama, Japan) that was mounted on the tube collimator. The effective dose for each patient was calculated by using a PC-based, Monte Carlo (PCXMC version 2.0; STUK, Helsinki, Finland) program.
PCXMC is based on Monte Carlo simulation and is intended for calculating patients' organ doses and the effective dose in radiologic examinations (15, 16) . In PCXMC, the exposure techniques, patient height, patient weight, and irradiation geometry were entered, including the DAP value. The simulation was performed with 2 × 10 4 photons. The simulation conditions were identical to the actual exposure conditions. The effective dose was determined by using the revised tissue-weighting factors of the International Commission on Radiological Protection (publication 103) (17).
Definitions and Statistical Analysis of Data
In this study, the mean effective dose in one patient was de- 
RESULTS
Exposure Parameters and Effective Dose
The patient characteristics, effective dose, and DAP value in both groups are summarized in Table 1 The highest value of the mean effective dose per patient was 1.127 mSv and the value was 17 times higher than the lowest value (0.069 mSv) of the mean effective dose in this study. 
Factors Influencing the Effective Dose
Comparison of the Effective Doses between the Supine and Standing Positions
The distribution of the effective doses according to the patient position in groups A and B is demonstrated in the box plot presented in Fig. 2 . In the total patient population, a significant effective dose reduction (22.6%) was noted when the patient was 
DISCUSSION
In this study, we showed that the presence of ascites and a high BMI are independent factors for an increase in the effective dose in patients undergoing abdominal digital radiography.
High density materials, such as an abdominal stent/tube or spinal metallic instruments in the abdominal area, were not significantly associated with an increased effective dose.
In previous studies, BMI was an important determinant of the radiation dose and overweight patients generally received a larger radiation dose during radiographic examinations (11, 18) .
Not only in abdominal radiography but also in ureteroscopy, patients with severe obesity received a three-fold higher radiation dose than patients without obesity (12) .
The presence of ascites was also significantly associated with an increased effective dose. This finding is useful for identifying the methods for reducing patients' radiation dose as no study has reported that ascites has an influence on the effective dose in abdominal digital radiography. For example, in this study, a patient with massive ascites received the highest effective dose This study has several limitations. First, as the number of patients who had received stents, tubes or spinal metallic instruments was relatively small, the effect of these materials on the Thus, future studies with large number of patients or prospective studies would be beneficial to prove the exact influence of these materials on abdominal radiography. Second, we determined that the upper third quartile value (0.311 mSv) of the effective dose is the cut-off value of a high effective dose as there are no previously defined highly effective doses for abdominal digital radiography. Moreover, the upper third quartile value of the effective dose assessed in our study was lower than the mean effective dose reported in other studies (0.44-1.5 mSv) (19, (23) (24) (25) (26) .
One possible reason why the effective dose in our study showed a low value compared with that in other published studies was the relatively low BMI unlike in the other studies. However, the fact that various types of equipment, techniques, parameter settings, and patient positions were used during abdominal examinations makes it difficult to explain the differences in the amount of the effective dose noted in previous studies. Third, the dose calculations in PCXMC are based on a standard phantom that can be scaled in accordance with patient weight. However, the presence of ascites could possibly change the relative position and the contents of the abdominal cavity, thus adding uncertainty to dose estimation for these patients. Nevertheless, our study suggests the possible factors influencing the increased effective dose in abdominal radiography, and it also suggests that future studies are required to reduce the radiation dose in patients undergoing radiographic examinations.
In conclusion, we showed that a high BMI and the presence of ascites were independent factors associated with an increased effective dose in abdominal radiography. For patients with a high BMI and ascites, the radiation dose was significantly lower for examination in the supine position than in the standing position.
Therefore, significant dose reduction in patients with a high BMI or ascites may be achieved by placing the patient in the supine position during abdominal digital radiography. 
